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Abstract Autoimmune Addison’s disease (AAD) asso-
ciates with exceptional susceptibility to develop other
autoimmune conditions, including type 1 diabetes (T1D),
marked by positive serum autoantibodies to insulin (IAA),
glutamic acid decarboxylase (GADA) and insulinoma-as-
sociated protein 2 (IA-2A). Zinc transporter 8 (ZnT8) is a
new T1D autoantigen, encoded by the SLC30A8 gene. Its
polymorphic variant rs13266634C/T seems associated with
the occurrence of serum ZnT8 antibodies (ZnT8A). This
study was designed to determine the prevalence of serum
ZnT8A and their clinical implication in 140 AAD patients.
Other beta cell and thyroid-specific autoantibodies were
also investigated, and ZnT8A results were confronted with
the rs13266634 genotype. ZnT8A were detectable in
8.5 %, GADA in 20.7 %, IA-2A in 5.7 %, IAA in 1.6 %
and various anti-thyroid antibodies in 7.1–67.8 % indi-
viduals. Type 1 diabetes was found in 10 % AAD patients.
ZnT8A were positive in 57.1 % of T1D patients and 3.4 %
non-diabetic AAD. Analysis of ZnT8A enabled to identify
autoimmunity in two (14.3 %) T1D individuals previ-
ously classified as autoantibody-negative. ZnT8A-positive
patients revealed significantly higher number of autoim-
mune conditions (p\ 0.001), increased prevalence of T1D
(p\0.001) and other beta cell-specific autoantibodies. Carriers
of the rs13266634 T-allele displayed increased frequency
(p = 0.006) and higher titres of ZnT8A (p = 0.002). Our study
demonstrates high incidence of ZnT8A in AAD patients.
ZnT8A are associated with coexisting T1D and predictive of
T1D in non-diabetic subjects. Moreover, positive ZnT8A in
AAD indicate elevated risk for additional autoimmune condi-
tions. Autoantibodies to beta cell antigens, comprising ZnT8,
could be included in routine screening panels in AAD.
Keywords Addison’s disease  ZnT8 autoantibody 
Diabetes  Autoimmunity
Introduction
Individuals suffering from the autoimmune Addison’s
disease (AAD) display remarkable susceptibility to develop
other autoimmune conditions, in particular organ-specific
comorbidities, such as autoimmune thyroid disease
(AITD), type 1 diabetes (T1D) and pernicious anaemia.
Contemporary diagnostic tools enable early detection of
concomitant autoimmune disorders in up to 80 % of AAD
patients [1, 2]. Typical disease combinations are classified
into distinct autoimmune polyendocrine syndromes (APS)
and present significant challenge in clinical management of
the AAD patients [3, 4]. The combination of AAD with
T1D seems particularly disadvantageous. These patients
may present with recurrent hypoglycaemic episodes, due to
decreased gluconeogenesis and enhanced insulin sensitivity
during glucocorticoid shortage [5]. On the other hand,
conventional glucocorticoid replacement is non-physio-
logical and may impair glycaemic control at times of
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exogenous steroid excess [6]. Registry-based data demon-
strate elevated mortality rates among subjects with AAD and
diabetes compared to non-diabetic AAD patients [7].
Therefore AAD individuals require close follow-up with
regard to their diabetic risk. Both disorders share several
similarities including predisposing genetic alleles and T cell-
mediated destruction of the endocrine tissue. Additionally,
AAD as well as T1D manifest with organ-specific autoan-
tibodies, which are markers of an on-going autoimmune
process detectable prior to clinical presentation. Positive
serum autoantibodies to pancreatic islet antigens: insulin
(IAA), glutamic acid decarboxylase (GADA) and insuli-
noma-associated protein 2 (IA-2A) are hallmarks of beta
cell-directed autoimmunity, and were studied in the AAD
cohorts in the past [1, 2, 8, 9]. On the contrary, recently
discovered zinc transporter 8 autoantibodies (ZnT8A) have
not been investigated in patients with AAD to date.
ZnT8 is a cation efflux transporter, localized in the
membrane of the beta cell secretory granules, which is
mandatory for insulin maturation and crystallization [10–
12]. ZnT8 was identified as plausible beta cell autoantigen
based on microarray transcript profiling of the islet cells, and
ZnT8A were detected in sera from 60 to 80 % of Caucasian
new-onset T1D patients [13]. Adding ZnT8A measurement
to previously known serologic markers of diabetes enhanced
autoimmunity detection rates to 98 % at disease onset [13].
Moreover, ZnT8A appeared as a useful predictive tool in the
first-degree relatives of the T1D patients [14, 15]. Finally,
ZnT8A evaluation proved practical in distinguishing non-
autoimmune diabetes from the latent autoimmune diabetes
in adults (LADA) where combined presence of GADA, IA-
2A and ZnT8A is indicative of a more severe degree of
insulin deficiency [16, 17].
ZnT8 is encoded by SLC30A8 gene located on chro-
mosome 8q24.11 [10]. Its polymorphic variant, rs13266634
C/T, which results in a missense R325W substitution, was
identified as susceptibility factor for type 2 diabetes (T2D)
however, functional mechanism underlying this association
has not been elucidated [18]. Fluorescence-based experi-
ments in cell lines suggest that W325 variant may encode a
more active zinc transporter, whereas data from isolated
human islets did not confirm improved insulin secretion
[11, 19]. Homozygous CC offspring of T2D individuals
displayed decreased first-phase insulin release in response
to intravenous glucose load [20]. High-risk CC genotype
was also connected with elevated proinsulin/insulin ratio in
non-diabetic subjects [21]. Nevertheless, in contrast to the
well-established link with T2D, no association between
SLC30A8 polymorphism and T1D was found and the locus
has not been pinpointed in any genome-wide scan [22, 23].
However, rs1326634 appeared associated with the occur-
rence and with allele specificity of ZnT8A in T1D [14, 24].
Current study was designed to investigate serum
autoantibodies to ZnT8 in a cohort of AAD patients and to
evaluate them with regard to coexisting diabetes, other
autoimmune conditions and the presence of additional
serum autoantibodies. Additionally, we performed geno-
typing of rs13266634 in order to verify if SLC30A8 variant




This cross-sectional analysis comprised 140 patients with
AAD (101 females, 39 males) aged 47.5 ± 15.0 (range
18–92) years, admitted to the endocrine departments at the
Poznan University of Medical Sciences between 2007 and
2014. The diagnosis of adrenal failure was established as
previously described [25]. Autoimmune aetiology of the
disease was confirmed by lack of infiltrative adrenal lesions
in computed tomography scans and positive serum sam-
pling for anti-adrenal autoantibodies. These antibodies had
been formerly evaluated by an in-house solid-phase
radioimmunoassay (RIA) using microsomal fraction of
human adrenals and, in recently diagnosed individuals, by
a commercial RIA assay (RSR Ltd, Cardiff, UK) which
quantifies serum autoantibodies to 21-hydroxylase, the
main adrenal autoantigen [26]. At the time of the study, all
patients were receiving glucocorticoid replacement with
hydrocortisone (HC) tablets and their mean daily HC dose
was 24.4 ± 3.8 mg. Additionally, 117 (83.6 %) individu-
als were on fludrocortisone substitution (0.05–0.1 mg per
day) and 27 (19.3 %) were taking dehydroepiandrosterone
(12.5–25 mg daily). Medical records were revised in all
patients in search for other previously diagnosed autoim-
mune conditions. Current complaints and clinical symp-
toms were carefully analysed with regard to new-onset
autoimmunity, and additional laboratory workup was
undertook if appropriate. The study was approved by the
ethical committee at Poznan University of Medical Sci-
ences and informed consent was obtained from all
participants.
Autoantibody measurements
Blood samples were taken in the morning, after overnight
fast. Thyroid-specific autoantibodies were evaluated at
once, as a part of regular check-up in AAD. BRAHMS
(Henningsdorf, Germany) RIA assays were applied to test
for antibodies to thyroid peroxidase (aTPO), thyroglobulin
(aTg) and TSH receptor (TRAb) on a scintillation gamma
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counter (CliniGamma 1272, LKB Wallac, Finland). Autoan-
tibody values of aTPO\60 U/mL, aTg\60 U/mL and TRAb
\2 U/L, were considered negative, as advised by the manu-
facturer. Serum samples for assessment of beta cell-specific
autoantibodies were collected and stored at -20 C until
analysed. Autoantibodies were evaluated using assays from
RSR Ltd. (Cardiff, UK): RIAs for antibodies to GAD (cut-off
[1.0 U/mL), IA-2 (cut-off[1.0 U/mL) and insulin (cut-off
C0.4 U/mL), and ELISA for antibodies to ZnT8 C-terminal
region. RSR’s ZnT8A assay is capable of detecting and
quantifying autoantibodies specific to R325, W325 or residue
325 non-specific variants [27]. According to the manufac-
turer’s recommendation results\15 U/mL were considered
negative. Patients with T1D on insulin treatment were exclu-
ded from IAA analysis as positive insulin antibodies could
reflect genuine hallmark of autoimmunity as well as a treat-
ment-related phenomenon, commonly found after initiation of
exogenous insulin substitution.
Biochemical analysis
Patients with positive beta cell-specific autoantibodies and
no previous history of diabetes underwent standard (75 g)
oral glucose tolerance test with simultaneous measurement
of glucose and insulin levels (electrochemiluminescent
method using Modular Analytics E170 and commercial
assay from Roche Diagnostics). Haemoglobin A1c (HbA1c)
was evaluated using Architect HbA1c Immunoassay (Abbott
Diagnostics, IL, USA).
Genotyping
Genomic DNA was extracted from the peripheral blood
using Gentra Puregene Blood Kit (Qiagen, Hilden, Ger-
many). Genotyping of the SLC30A8 rs13266634 was per-
formed by allelic discrimination analysis using the 7900HT
Real-Time PCR System and TaqMan SNP Genotyping
assay C_357888_10, following the conditions recom-
mended by the manufacturer (Applied Biosystems, Foster
City, CA). Data acquisition and analysis were performed
using the allelic discrimination module in SDS v2.3 soft-
ware (Applied Biosystems). The genotypes were confirmed
in 5 % of samples by direct DNA sequencing with BigDye
Terminator Cycle Sequencing Ready Reaction Kit (ABI
Prism 3730 Genetic Analyzer, Foster City, CA) and 15 %
randomly chosen samples were re-genotyped to ensure
accuracy.
Statistical analysis
Statistical calculations were performed by GraphPad Prism
v.6.0 (La Jolla, CA, USA). Data are presented as
mean ± standard deviation (±SD) unless stated otherwise.
Their distribution was evaluated using the Kolmogorov–
Smirnov test. Normally distributed data were compared
using the unpaired Student t-test, and those with non-nor-
mal distribution were analysed by the non-parametric
Mann–Whitney test. Statistical correlations were assessed
by calculation of Pearson’s or Spearman’s coefficient,
depending on data distribution. Categorical variables were
compared using v2 or Fisher’s exact test where appropriate.
Two-tailed p-values\0.05 were considered significant.
Rs13266634 genotypes were checked for Hardy–Wein-
berg equilibrium (threshold p\ 0.05) using online calcu-
lator available at the Helmholtz Center (Institut fur
Humangenetik, Munich) website. Allele-wise and geno-
type-wise comparisons were tested on 2 9 2 and 3 9 2
contingency tables. Logistic regression analysis was
applied to determine the odds ratios (ORs) and their 95 %
confidence intervals (95 % CI).
Results
The studied AAD group consisted of 140 subjects, whose
mean age at disease onset was 36.3 ± 12.9 (range 9–69)
years and mean disease duration 10.9 ± 10.3 (range 0–46)
years (Table 1). Male patients were significantly younger
compared to females, in line with their earlier AAD onset:
29.7 ± 13.1 versus 38.9 ± 11.9 years (p\ 0.001). Only
21 (15 %) patients presented with isolated AAD, two sib-
lings suffered from APS type 1, whereas all other partici-
pants displayed either APS type 2 or 4, with up to five
coexisting autoimmune conditions [3]. The individual
number of autoimmune diseases was neither associated
with gender nor correlated with age (Table 1).
Type 1 diabetes was found in 14 (10 %) of AAD
patients, with comparable frequency among females and
males (p = 0.534) (Table 1). T1D was diagnosed based on
classical symptoms at the onset, blood glucose concentra-
tion [11.1 mmol/L and the presence of at least one beta
cell-specific autoantibody. All except for one male pre-
sented with initial ketoacidosis. All patients defined as T1D
cases required immediate treatment with insulin. Mean age
at T1D onset was 41.6 ± 15.8 (range 16–68) years and
mean T1D duration at the time of serum sampling was
5.5 ± 3.8 (range 0.5–13) years. The disease emerged ear-
lier in male patients (p = 0.011), at an age similar to their
AAD onset. AAD preceded T1D in eight individuals (in
average by 11.3 ± 7.8 years), whereas T1D was diagnosed
before adrenal failure in five patients (spaced by
6.6 ± 6.2 years), and both disorders appeared at the same
time in one female. Details of the associated autoimmune
conditions are displayed in Table 2. Additionally 9 (6.4 %)
AAD patients had been previously diagnosed with T2D,
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Table 1 Clinical characteristics of 140 adults with autoimmune Addison’s disease (AAD) and comparison between female and male patients
Addison’s patients All (%) Female (%) Male (%) p value
n (%) 140 101 (72.1) 39 (27.9) NA
Age (years) 47.5 ± 15.0 50.9 ± 13.9 38.7 ± 14.1 <0.001
Age at AAD onset (years) 36.3 ± 12.9 38.9 ± 11.9 29.7 ± 13.1 <0.001
AAD duration (years) 10.9 ± 10.3 11.6 ± 10.9 8.9 ± 8.2 0.369
No of autoimmune conditions
1 = AAD only (%) 21 (15.0) 12 (11.9) 9 (23.1) 0.096
2 (%) 78 (55.7) 56 (55.4) 22 (56.4) 0.918
3 (%) 28 (20.0) 22 (21.8) 6 (15.4) 0.396
4 (%) 10 (7.2) 9 (8.9) 1 (2.6) 0.450
5 (%) 3 (2.1) 2 (2.0) 1 (2.6) 1.000
T1D (%) 14 (10) 9 (8.9) 5 (12.8) 0.534
Age at T1D onset (years) 41.6 ± 15.8 48.3 ± 13.3 28.2 ± 9.0 0.011
T1D duration (years) 5.5 ± 3.8 6.1 ± 3.1 4.6 ± 5.0 0.384
AITD (%) 105 (75.0) 84 (83.2) 21 (53.8) <0.001a
Hashimoto’s thyroiditis (%) 81 (57.9) 64 (63.4) 17 (43.6) 0.034b
Graves’ disease (%) 24 (17.1) 20 (19.8) 4 (10.3) 0.218
Chronic atrophic gastritis with or without pernicious anaemia (%) 21 (15.0) 14 (13.9) 7 (17.9) 0.544
Hypergonadotropic hypogonadism (%) 9 (6.4) 8 (7.9) 1 (2.6) 0.445
Hypoparathyroidism (%) 2 (1.4) 0 2 (5.1) NA
Vitiligo (%) 8 (5.7) 6 (5.9) 2 (5.1) 1.000
Alopecia (%) 3 (2.1) 2 (2.0) 1 (2.6) 1.000
p values in bold indicate statistically significant results
a OR (95 % CI) 4.26 (1.870–9.593)
b OR (95 % CI) 2.24 (1.056–4.746)
Table 2 Detailed clinical characteristics of patients with autoimmune Addison’s disease (AAD) and concomitant type 1 diabetes (T1D)
Sex Age (years) No of autoimmune conditions Sequence of the autoimmune conditions with the age at their onset (years)
1 M 20 2 T1D (16), AAD (17)
2 F 29 3 HT (27), T1D (28), AAD (28)
3 M 32 3 GD (17), AAD (21), T1D (31)
4 M 33 3 T1D (16), HT (24), AAD (32)
5 F 38 3 AAD (29), HT (29), T1D (36)
6 M 43 4 AAD (39), sHT (39), ChG (41), T1D (42)
7 M 48 5 AAD (32), HT (39), ChG (40), HH (40), T1D (43)
8 F 50 4 HT (24), vitiligo (26), T1D (37), AAD (49)
9 F 54 3 AAD (39), HT (40), T1D (49)
10 F 56 4 AAD (34), HT (38), T1D (47), ChG (53)
11 F 59 4 POI (33), AAD (45), HT (45), T1D (49)
12 F 64 3 GD (34), T1D (57), AAD (59)
13 F 72 3 T1D (64), AAD (66), HT (67)
14 F 77 3 AAD (40), HT (55), T1D (68)
HT Hashimoto’s thyroiditis, sHT subclinical HT (positive serum autoantibodies and typical thyroid ultrasound with no alteration in thyroid
function tests), GD Graves’ disease, ChG chronic gastritis, HH hypergonadotropic hypogonadism, POI premature ovarian insufficiency
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based on their glucose levels in standard oral glucose tol-
erance test. They were treated with oral hypoglycaemic
agents and diet.
Proportions of positive beta cell and thyroid autoanti-
bodies are displayed in Table 3. ZnT8A were detectable in
8.5 %, GADA in 20.0 %, IA-2A in 5.7 %, IAA in 1.6 %
(excluding subjects on insulin treatment), aTPO in 67.8 %,
aTg in 45.0 %, and TRAb in 7.1 % of AAD individuals.
Gender-related differences were found only for aTPO,
which appeared more common in female patients [OR 2.35
(95 % CI 1.09–5.07) p = 0.027].
Positive serum autoantibodies to beta cell antigens were
identified in 37 (26.4 %) patients: all individuals with T1D,
two with T2D (22.2 %) and 21 (17.9 %) with no history of
diabetes (Table 4). GADA remained the most common
finding, detectable in 71.4 % T1D, 11.1 % T2D and
14.5 % non-diabetic AAD individuals. ZnT8A were found
in 57.1 % of T1D patients and 3.4 % non-diabetic AAD,
respectively. 42.9 % of T1D subjects presented with two
positive autoantibody specificities and two T1D persons
displayed reactivity to three beta cell antigens: ZnT8, IA-2
and GAD (Table 4). Figure 1 presents overlapping preva-
lence of beta cell autoantibodies in our AAD ? T1D group
(14 individuals). The inclusion of ZnT8A provided evi-
dence for autoimmune origin of diabetes in two (14.3 %)
T1D patients who otherwise would be classified as
autoantibody-negative. Combined analysis of three
autoantibody specificities allowed identification of beta cell
autoimmunity in all T1D individuals in this series.
Single positive autoantibodies were also detected in 2
(22.2 %) AAD ? T2D patients. Moreover, positive sero-
logic markers of beta cell autoimmunity were found in 21
(17.9 %) AAD individuals with no previous history of
diabetes (Table 4), comprising three females who displayed
reactivity to two beta cell antigens (GADA ? ZnT8A,
GADA ? IAA and ZnT8 ? IA-2A). Further biochemical
assessment in the autoantibody-positive non-diabetic sub-
group revealed mean fasting plasma glucose and insulin
4.8 ± 0.6 mmol/L and 8.5 ± 3.4 lU/mL, respectively.
Standard oral glucose challenge showed respective mean
2 h glucose and insulin levels of 8.3 ± 1.2 mmol/L and
57.1 ± 16.8 lU/mL, providing evidence of glucose toler-
ance in three individuals. Mean HbA1c in non-diabetic beta
cell autoantibody-positive AAD patients was 5.5 ± 0.4 %.
Stratification of the AAD cohort by serum ZnT8A results
revealed significantly higher number of autoimmune con-
ditions in ZnT8A-positive subjects (p\ 0.001) (Table 5).
As expected, those individuals displayed increased preva-
lence of T1D compared to ZnT8A-negative patients
(p\ 0.001). Other beta cell-specific autoantibodies were
also more frequent in subjects reactive to ZnT8A (Table 5).
No association of ZnT8A with markers of thyroid autoim-
munity was detected (all p[ 0.05).
Genotyping of the SLC30A8 variant rs13266634
revealed 66 (47.1 %) CC homozygotes, 62 (44.3 %)
heterozygotes and 12 (8.6 %) mutant TT homozygotes in
our AAD cohort, which remained in Hardy–Weinberg
equilibrium (p = 0.631). ZnT8A were positive in 6.0 % of
CC, 6.5 % of CT and 33.3 % of TT individuals, respec-
tively (p = 0.006). In accordance, the latter subgroup dis-
played the highest titres of circulating ZnT8A compared to
CT and CC subjects (with medians 10.7, 8.2 and 6.8 U/mL,
respectively; p = 0.002). The presence of the T-allele was
associated with increased risk of developing ZnT8A in
AAD [14.0 vs. 6.2 %, OR 2.46 (95 % CI 1.06–5.72)
p = 0.032].
Discussion
Our study provides the first systematic evaluation of
ZnT8A in a large, clinically well-defined AAD cohort.
85 % AAD individuals presented with at least one addi-
tional disorder, which confirms their exceptional suscepti-
bility to develop other autoimmune conditions [2, 8, 9, 28,
29]. Neither age nor sex seemed to influence the individual
number of associated diseases [8, 30]. Nonetheless, thyroid
autoimmunity, and Hashimoto’s thyroiditis in particular,
was more prevalent in AAD females than males. In con-
trast, no gender difference was found for T1D, diagnosed
in 10 % of patients. Previous studies revealed variable
incidence of T1D among AAD patients, ranging from 1.2
to 20.4 % [2, 8, 9, 28–30]. Different methods of data col-
lection, variable degree of stringency in selection of
patients with autoimmune adrenal failure and population
differences might account for this discrepancy. Most recent
analyses in European AAD cohorts report 10–15 % of T1D
cases [2, 8, 29].
Table 3 Positive serum autoantibodies to beta cell and thyroid
antigens found in autoimmune Addison’s disease (AAD)
Addison’s patients All (%) Female (%) Male (%) p value
n (%) 140 101 (72.1) 39 (27.9) NA
ZnT8A 12 (8.5) 8 (7.9) 4 (10.3) 0.738
GADA 28 (20.0) 20 (19.8) 8 (20.5) 0.925
IA-2A 8 (5.7) 6 (5.9) 2 (5.1) 1.000
IAAa 2 (1.6) 2 (2.2) 0 NA
aTPO 95 (67.8) 74 (73.3) 21 (53.8) 0.027
aTg 63 (45.0) 42 (41.6) 21 (53.8) 0.191
TRAb 10 (7.1) 9 (8.9) 1 (2.6) 0.283
p values in bold indicate statistically significant results
a Proportion calculated with the exclusion of 14 patients with type 1
diabetes, already treated with insulin at the time of autoantibody
investigation
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In our study AAD was diagnosed prior to T1D in 57.1 %
of patients. In most formerly described cases AAD followed
the diagnosis of T1D, although all possible patterns have
been reported [2, 8, 9, 28–30]. Relatively old mean age at
T1D onset, exceeding 35 years in 10 out of 14 affected
AAD patients, could suggest LADA. However, most of
them presented with initial ketoacidosis and all required
immediate insulin therapy, which supports remarkable
intensity of the auto-aggressive process. All AAD ? T1D
patients, except for the youngest person, displayed addi-
tional autoimmune conditions, most commonly thyroid
disorders, resulting in a classical combination of AAD,
T1D and thyroid autoimmunity (Carpenter’s syndrome)
[3].
Antibodies typical for beta cell autoaggression were
found in a considerable proportion of our AAD patients.
Former studies, based on indirect immunofluorescence
assays using cryostatic sections of human pancreas, con-
firmed increased prevalence of islet cell autoantibodies in
AAD. A few reports addressed specifically the prevalence
of GADA and IA-2A (detectable in 16.0–21.0 and
8.5–11.0 % of AAD cases, respectively) [1, 2, 8, 9, 30].
Preliminary investigation of sera from 35 AAD subjects
conducted upon initial ZnT8A description, revealed 8.6 %
ZnT8A positivity, but no clinical characteristic of those
patients was available [13]. Our analysis found the same
frequency of ZnT8A (8.5 %) with no gender differences. In
line with other studies in AAD, GADA were most preva-
lent in subjects with concomitant T1D (71.4 %) [1, 9, 30].
According to our results ZnT8A appeared as the second
most frequent (57.1 %) marker of pancreatic autoimmunity
in T1D among AAD individuals. GADA and ZnT8A
together were the most common combination of beta cell
autoantibodies (Fig. 1). Adding ZnT8A allowed to identify
autoimmunity in two T1D patients, who based solely upon
measurements of previously known markers would be
classified as autoantibody-negative diabetes. Extending the
classical panel of diabetes-associated autoantibodies with
ZnT8A enables to increase its positive predictive value for
T1D or LADA [13, 16, 17].
Autoantibodies to beta cell antigens were also found in
two AAD ? T2D patients, challenging their formerly
established diagnosis. Current results suggest that these
patients could be re-classified as LADA cases. Positive
beta cell-specific autoantibodies are sometimes found in
phenotypically defined T2D cases [31]. Nonetheless, very
low incidence of ZnT8A positivity was reported in T2D,
Table 4 Frequency of serum
autoantibodies to beta cell
antigens in patients with
autoimmune Addison’s disease
(AAD)
Positive serum autoantibody All AAD
n = 140 (%)
AAD ? T1D
n = 14 (%)
AAD ? T2D
n = 9 (%)
AAD nonDM
n = 117 (%)
ZnT8A 12 (8.5) 8 (57.1) 0 4 (3.4)
GADA 28 (20.7) 10 (71.4) 1 (11.1) 17 (14.5)
IA-2A 8 (5.7) 6 (42.8) 0 2 (1.7)
IAAa 2 (1.6) NA 1 (11.1) 1 (0.9)
1 autoantibody 26 (18.6) 6 (42.9) 2 (22.2) 18 (15.4)
2 autoantibodies 9 (6.4) 6 (42.9) 0 3 (2.6)
3 autoantibodies 2 (1.4) 2 (14.2) 0 0
Total 37 (26.4) 14 (100.0) 2 (22.2) 21 (17.9)
Positive autoantibody results are further classified according to diabetic status: with type 1 diabetes
(AAD ? T1D), with type 2 diabetes (AAD ? T2D) or without history of diabetes (AAD nonDM)
a Proportion calculated with the exclusion of 14 patients with type 1 diabetes i.e. already treated with
insulin at the time of autoantibody investigation
Fig. 1 Co-occurrence of autoantibodies to zinc transporter 8
(ZnT8A), glutamic acid decarboxylase (GADA) and insulinoma-
associated protein 2 (IA-2A) in patients with autoimmune Addison’s
disease and concomitant type 1 diabetes
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which remains in line with the negative result in our cohort
[13, 16].
Finally, a notable proportion of non-diabetic AAD
patients displayed positive beta cell autoantibodies. Anal-
ysis of ZnT8A enabled detection of two autoantibody-
positive subjects and provided additional autoimmune
marker in two others. Double autoantibody reactivity was
detected in three individuals without previously known
glycaemic disorders. Upon subsequent investigation, three
of non-diabetic patients, including one with double
autoantibody positivity, presented impaired glucose toler-
ance, indicating high risk of diabetes and the need of close
follow-up [14, 15, 32].
ZnT8A-positive AAD patients presented increased sus-
ceptibility to develop additional autoimmune conditions
with significantly higher number of concomitant diseases.
Subjects who were positive for ZnT8A displayed pre-
dictably higher incidence of T1D with increased frequencies
and titres of other beta cell autoantibodies [13, 17, 32]. Our
former analysis in newly diagnosed LADA patients sug-
gested that positive ZnT8A might predict increased occur-
rence of serum aTPO [17]. Both GADA and ZnT8A were
also associated with autoimmune thyroid disease in T2D
[33]. Therefore, ZnT8A could be a marker of a more severe
phenotype of organ-specific autoimmunity. However, in
accordance with the observations conducted in children with
T1D, our data do not support specific link between ZnT8A
and thyroid autoimmunity [27]. This apparent discrepancy
may arise from different timings of ZnT8A measurements
after T1D diagnosis. In most instances ZnT8A tend to
decrease rapidly after diabetes onset, although they are still
present in approximately 40 % of T1D patients 5 years post
diagnosis [27, 34].
Genotyping of SLC30A8 polymorphism in our AAD
group revealed genotype distribution similar to the large
control cohorts of European origin [20, 22]. As previously






ZnT8A-positive (%) ZnT8A-negative (%) p value
n 12 128
Sex 8 F (66.7) 93 F (72.7) 0.738
Age (years) 49.3 ± 14.5 47.2 ± 15.1 0.657
Age at AAD onset (years) 38.0 ± 11.5 35.9 ± 12.9 0.596
AAD duration (years) 11.2 ± 8.7 10.9 ± 10.5 0.690
No. of autoimmune disorders 3.3 ± 1.1 2.2 ± 0.8 <0.001
T1D co-occurrence (%) 8 (66.7) 6 (4.7) <0.001a
Age at T1D onset (years) 38.5 ± 15.0 46.2 ± 17.0 0.374
T1D duration (years) 5.4 ± 3.3 6.2 ± 4.8 0.739
ZnT8A titre (U/mL) 29.4 (19.2–167.3) 6.9 (6.7–8.6) <0.001
GADA positive (%) 6 (50.0) 22 (17.2) 0.007b
GADA titre (U/mL) 18.1 (0.2–62.4) 0.2 (0–0.4) 0.001
IA-2A positive (%) 4 (33.3) 4 (3.1) 0.002c
IA-2A titre (U/mL) 0.5 (0.1–2.5) 0.1 (0–0.3) 0.002
IAA positive (%) 0 2 (1.6) NA
TSH (mIU/L) 2.25 (1.31–4.25) 2.20 (1.10–3.40) 0.406
AITD (%) 11 (91.7) 94 (73.4) 0.294
Hashimoto’s thyroiditis (%) 10 (83.3) 71 (55.5) 0.073
Graves’ disease (%) 1 (8.3) 23 (17.9) 0.691
aTPO positive (%) 9 (75.0) 86 (67.2) 0.579
aTPO titre (U/mL) 242 (94–558) 245 (46–976) 0.749
aTg positive (%) 8 (66.7) 55 (43.0) 0.137
aTg titre (U/mL) 105 (42–556) 50 (19–150) 0.099
TRAb positive (%) 1 (8.3) 9 (7.0) 1.000
TRAb titre (mIU/L) 0.7 (0.3–1.1) 0.5 (0.2–1.0) 0.363
p values in bold indicate statistically significant results
Normally distributed values are displayed as mean ± standard deviation, whereas those with non-Gaussian
distribution are presented as median (25th–75th centile)
a OR (95 % CI) 40.70 (9.50–174.0)
b OR (95 % CI) 4.82 (1.42–16.34)
c OR (95 % CI) 15.5 (3.26–73.40)
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described in T1D, rs13266634 TT homozygotes displayed
increased proportion and higher titres of serum ZnT8A
[23]. SLC30A8 polymorphism at the codon 325 results in
the expression of three protein variants: R325, W325
(rs13266634) and very rarely Q325, if the nucleotide sub-
stitution is located in the second nucleotide of this codon
(rs16889462). ZnT8A may interact with the R325 or W325
variant, or may be residue 325 non-specific whereas sera
that react uniquely with the Q325 allele are extremely rare
[13, 24]. Remarkably, ZnT8A from individuals homozy-
gous for the SLC30A8 genotypes are often limited to their
respective ZnT8 isoform [14, 24]. Individuals heterozygous
for rs13266634 seem to display the lowest incidence of
ZnT8A but we could not confirm this observation in our
cohort [14, 23].
This study is the first comprehensive description of
serum ZnT8A in an AAD cohort however it presents some
limitations. First of all, sample size is moderate due to low
AAD incidence [2, 4]. However, its strength relies on very
well-documented individual data from each patient,
excluding risk of any misclassification, possible in the
registry-based studies. Another issue is the cross-sectional
character of our analysis, which was conducted in indi-
viduals of variable disease duration, ranging from just a
few weeks up to several years. Some antibodies, including
ZnT8A, might have vanished by the time of the study in a
proportion of patients. Systematic evaluation of a wide
array of autoantibodies at AAD onset and subsequently at
fixed intervals might shed more light on dynamics of the
autoimmune process. Eventually, technical limitations of
the ZnT8A assay might play some role. We used a com-
mercial ELISA kit, which employs a dimer of ZnT8
C-terminal domain (amino acids 275–369) containing both
R325 and W325 alleles, but does not distinguish Q325
specificity [27]. It has been validated in Islet Autoantibody
Standardization Program 2012 and 2013, yielding high
sensitivity and specificity scores [27]. Some reports sug-
gested that analysing all three ZnT8A variants might
improve the diagnostic sensitivity of T1D, however, only
0.73 % of affected children were positive for Q325-specific
ZnT8A [35].
In conclusion, our study demonstrates high incidence of
ZnT8A in AAD patients. ZnT8A are associated with
coexisting T1D and, together with GADA, may point
towards the risk of glycaemic disorders in non-diabetic
AAD subjects. Moreover, positive ZnT8A among AAD
individuals indicate particularly elevated risk for additional
autoimmune conditions. Considering the frequent occur-
rence of T1D in AAD cohorts, serum autoantibodies to beta
cell antigens, comprising ZnT8, should be included in the
regular screening panels in this high-risk population.
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